Abstract. Ultraviolet radiation may be enhanced by the presence of snow cover. For areas with snow the surface is often highly inhomogeneous owing to the presence of low-albedo surfaces together with snow-covered surfaces. In order to better understand the coupling between snow cover, surface albedo, and UV radiation, an estimate of an effective albedo for such highly inhomogeneous surfaces is required. In this paper a method to derive an effective wavelength dependent Lambertian surface albedo in the UV and visible part of the spectrum is described. 
Using measurements of downwelling global and diffuse irradiance, King and Herman [1979] and King [1979] retrieved an effective surface albedo and an aerosol refractive index at two wavelengths under the assumption that neither varies throughout the day. Ricchiazzi et al. [1995] retrieved simultaneously a cloud-scattering optical depth and local surface albedo for Palmer Station, Antarctica. They utilized global irradiance data from a ground-based multichannel radiometer in conjunction with radiative transfer modeling. Both the surface albedo and the cloud optical thickness were assumed to be constant with wavelength. Ricchiazzi and Gautier [1998, p. 6161] further investigated the effect of surface heterogeneity and topography on the radiation environment of Palmer Station using Monte Carlo techniques. They found that "the effective albedo ... is affected by regions surprisingly far from the point of interest." Degiinther et al. [1998] 
We note that (2) is a geometric series. An alternative derivation of (2) is provided by Lenoble [1998] . It should also be mentioned that •A does not depend on solar zenith angle, implying that the enhancement of global irradiance due to reflection at the Earth's surface is independent of solar zenith angle, given that the surface is a LambertJan reflector. Equation (2) 
Method
The surface albedo A is defined as the ratio between the upwelling, E t, and downwelling, E $, irradiances at the surface:
E t
A -E*'
All quantities in (1) depend on wavelength. It is omitted in (1)-(6) for simplicity. A nonzero surface albedo will increase the global (direct plus diffuse) downwelling irradiance at the surface. The magnitude of this increase may be estimated by starting with the downwelling global irradiance if there The relative change of reflectivity is independent of solar zenith angle, and its absolute value increases with increasing • and A. The method therefore is most sensitive at high •. As will be shown in section 7, • has its maximum around 320 nm and is decreasing toward shorter and longer wavelengths. The method therefore works best in the UV-B and lower UV-A parts of the spectrum, and the uncertainty increases toward visible wavelengths, as is also obvious from Figure 2 . The sensitivity of the method with respect to experimental uncertainties and model assumptions will be discussed in section 5. As the method is based on the accurate simulation of R, we restrict its application to cloudless sky.
Instrumentation and Measurements
During the 1997 season a spectroradiometer located in Troms0, Norway, regularly measured the direct and global irradiances. The spectroradiometer was a JobinYvon HR 320 single monochromator with diffraction gratings (1200 lines per millimeter) operating in the first order. The full width at half maximum (FWHM) of the slit function is 0.68 nm. The entrance optics consist of a fiat teflon diffuser used for global irradiance measurements and a small telescope for direct irradiance measurements. The Figure 7 . Generally, the albedo increases with wavelength for all days except for September 9. However, for wavelengths larger than 480 nm a decrease is seen for most days. This decrease is not believed to be real but rather due to uncertainties in the retrieval technique. Also, the wavelength dependence in the September data is believed to have the same cause. The wavelength dependence is somewhat stronger in the data presented here than it is in those reported by Feister and Grewe [1995] .
The surface around the measurement site is highly inhomogeneous, and the surfaces are most likely not Lambertian reflecting surfaces. Hence solar azimuth dependent effects may be present in the measured data. The sensitivity of the method to azimuth dependent effects is believed to be rather small for wavelengths below approximately 400 nm where the diffuse radiation makes a considerable contribution to the global irradiance for the solar zenith angles encountered during this study (Figure 2) . Note that in the calculations presented in faces surrounding the observation site at a given time. For a few days, spectra were available for the whole day. These diurnal variations were carefully examined for azimuth effects; however, it is difficult to say with confidence that azimuth effects are present in the estimated surface albedo. However, the absence of azimuth effects can not be ruled out either.
Effect of the Ocean
The were regridded to 1 x 1 km 2 resolution using the Generic Mapping Tools (GMT) Smith, 1991, 1995] .
Between these data points, the surface was interpolated bilinearely to calculate the appropriate surface elevation and inclination at any location. Whenever topography was included for an investigation, it will be noted explicitly in the text. Although some of the mountains surrounding Troms0 are higher than 1000 m asl, they have no direct shading effect on the measurement site for the solar zenith angles considered. Calculations were performed for atmospheric conditions representative for those found in Troms0 in 1997. [1988], which has also been used for the plane-parallel calculations in sections 5 and 6. More details of the MC model will be published elsewhere. Figure 8 shows the most important parameters determining the area that affects the local irradiance. In Figure 8a the fraction, •, of the upwelling radiation which is reflected downward by the atmosphere is shown. This atmospheric reflectivity increases toward shorter wavelengths owing to the increase in the Rayleigh scattering optical depth. Below 320 nm, however, absorption by ozone becomes important, decreasing the reflectivity in the UV-B range. The second important parameter determining the effective area is shown in Figure 8b : the average horizontal distance a photon, which is reflected at the surface, travels before it hits the surface again. Because of the increasing Rayleigh scattering optical depth, this distance decreases toward shorter wavelengths. Note that for a Lambertian surface, none of the parameters depend on the solar zenith angle, be- 
